The present study investigates the role of equity exchange traded funds (ETFs) in price discovery by studying a sample of nine equity ETFs following CNX Nifty and S&P BSE Sensex. The study reports an analysis based on the daily closing prices of ETFs and indices from the inception date of each ETF till December 2014. To examine the price discovery process, Johansen's cointegration test, vector error correction model (VECM), impulse response function and variance decomposition test are employed. The results depicts that both the ETF price series and index price series are non-stationary at levels but are stationary at first difference. Johansen cointegration test results reveal the existence of long term relationship for all ETFs except Most Shares M50. There is ample evidence to suggest that unidirectional causality between ETF prices and index prices. The results of VECM depicts that index prices lead the ETF prices and the presence of error-correction term restores the equilibrium in the long-run. The impulse response function results indicate that ETFs responds to index price variation and shock decay period ranges between two to three periods. The results underscores the role of ETFs in price discovery process and in India ETFs still behave as passive instruments for hedging purpose.
Introduction
In recent times, exchange traded funds (ETFs) have gained tremendous acceptance as financial instrument and caught the fancy of individual investors, regulators and academicians. ETFs are designed to replicate the underlying benchmark either by investing all the assets in same proportion as the target index or invest in a representative sample of securities in the target index. ETFs cost efficiency, transparency and tradability have helped them gain ground in financial markets. They enable the investors to gain broad exposure in entire index, gold, bond market, currency or sector with relative ease and with the added advantage of real-time trading.
As such ETFs have two quoted price, net asset value (NAV) and market price. NAV is determined by the market value of the securities held. The market price of ETFs on the other hand, is determined by the supply and demand from market participants. ETFs create and redeem the shares in a minimum size usually known as creation unit and transaction is done with market makers (authorised participants). The unique in-kind creation/redemption process of ETFs allows to expand or contract the number of outstanding shares based on investor demand and brings in additional liquidity due to its access in primary markets also (Madhavan and Sobczyk, 2014) . The exchange of basket of securities between ETF manager and authorised participant (AP) can take place either for cash or 'in-kind'.
ETFs have grown globally at an exponential rate with ETFs assets size approximating $2.5 trillion in 2015 from $2.2 billion in 2005 (Oyedele, 2015) . It was State Street Global Advisors that launched the first ETF (SPDR) in 1993 and since then the ETF market in US has witnessed unabated growth rate of more than 25% every year. In India, the journey of ETFs started in 2002 with the launch of Nifty BeES by Benchmark Asset Management Company and since then the ETF industry has come a long way with assets under management risen from `660 crore in March 2009 to `1,607 crore in March 2012 to `4,528 crore in March 2014 and `7,317 crore in May 2015 (AMFI Monthly Report). The AUM of equity and gold ETF are presented in Figure 1 . Lately, the instrument has also been adopted as a PSU disinvestment tool by Government of India and upon its launch in March 2014, it was an instant hit among investors where government was able to successfully raise `3,000 crore and the issue was oversubscribed by `1,000 (CPSE ETF Oversubscribed, 2014) . Price discovery is a process through which two markets congregate towards an efficient price of the underlying asset. It is believed that if two markets receive similar information, then the reaction of both should be similar. In case of any divergence in reaction between the two markets, one market plays a leading role over the other market.
The leading market will play a lead role in price discovery process and a lead-lag relationship emerges between the two markets (Choudhary and Bajaj, 2013) . Price discovery is the process by which security markets attempts to identify permanent changes in equilibrium prices. Further, the common factors in cointegrated markets are usually permanent trend components orthogonal to the error-correction term and can be estimated as a linear combination of the underlying observable price series (Gonzalo and Granger, 1995) .
As ETFs are designed to replicate the performance of the underlying benchmark, failure to do so results in tracking error and a cost for the investors. It is not always possible for the ETFs to completely track their benchmark due to practical difficulties of inclusion of illiquid securities in benchmark, changes in index composition and ETF manager following 'off-benchmark holdings' (such as cash, new issues and futures). Such tracking inefficiency results in complications in lead-lag relationships, impairs price discovery and adversely impacts market volatility (Blackrock Report, 2013) . There is a growing concern that increasing trading volume of ETFs is adversely impacting the volume and liquidity of underlying securities of the index and increases the cross-stock correlations. The present study attempts to study that whether ETFs serves a price discovery tool and to find cointegration between ETF prices and index prices.
Literature review
ETFs are increasingly gaining popularity as an alternative to traditional mutual funds and provide benefits in terms of real time trading, unique creation and redemption process, cost transparency and tax efficiency (Dellva, 2001) . Elton et al. (2002) finds that Spiders underperform the S&P index by 28.4 basis points on account of management fees of 18.45 basis points and returns lost due to dividend reinvestment of 9.95 basis points. However, investors still prefer ETFs over index funds due to immediacy (i.e., real time trading) and short selling.Also, the authors find that trading volume of ETFs is significantly related to size of discount/premium prevailing at the end of day
The postulation of law of one price and no arbitrage argument provides that in case markets are efficient then the price of the portfolio which is comprised of a basket of securities should be equal to sum of individual security prices. This argument holds true in case of ETFs also and the existence of any pricing deviation can be corrected by creation or deletion of ETF units. This concept has gained attention of various academicians and existing financial literature is discussed highlighting the pricing inefficiency of ETFs and magnitude of persistence in International markets. Chu et al. (1999) examine the price discovery functions of S&P 500 index and its futures and ETFs (i.e., SPDRs). Their results show that these three prices also form an integrated system with a long-run stochastic trend; the main price adjustments are from the spot and the SPDRs markets, indicating that futures are in a dominant position in the price discovery process. Hasbrouck (2000) finds maximum price discovery of S&P500 and NASDAQ 100 occurs in the future trading and contribution of ETFs is statistically significant but is modest. Ackert and Tian (2000) find that SPDRs do not trade at economically significant discounts and investor sentiment does not have an important role in SPDRs pricing despite the fact that SPDRs are held predominantly by individual investors. Hsu and Wu (2003) study MSCI Index and its correspondent ETFs and find that two prices co-integrate with a long-term common stochastic trend, but the spot index tends to lead ETFs. Jares and Lavin (2004) observe that prices of ETF deviate from NAV which contributes to existence of discount/premium in the pricing. Further, statistically significant negative relationship exists between contemporaneous discount and NAV and laggard discount positively impacts ETF returns. This indicates the existence of exploitable pricing inefficiencies as the ETF and the underlying portfolio do not trade synchronously. Engle and Sarkar (2006) find trivial deviation of NAV from closing prices and transient persistence of this deviation is seen for domestic ETFs in comparison to international ETFs. Further, international ETFs experience significant premium attributable to high cost creation and redemption of ETFs.
Similar results were reported in studies of Curio et al. (2004) , Cherry (2004) , Lin et al. (2006) , Kayali (2007) and Delcoure and Zhong (2007) that pricing deviations are short-lived and persistence varies between domestic and international ETFs on account of efficient implementation of arbitrage strategies. Further, the discount and premium due to pricing deviation is attributable to volatility of index, momentum, illiquidity and size effect (Ackert and Tian, 2008) . DeFusco et al. (2011) observe that creation and redemption of ETFs (spider, diamonds and cube) leads to predictable pricing deviation that act as an additional implicit cost. The factors such as stationarity of the pricing deviation, clustering of volatility, lead-lag relationship, dividend accumulation and distribution explain such predictability in pricing deviation. Prasanna (2012) examines the key characteristics and growth pattern of 82 ETFs during 2006-2011 in Indian market and evaluated their performance using data envelopment analysis. The results presented that ETFs have consistently outperformed the underlying benchmark and gold ETFs have performance better than their counterparts (equity). Efficient funds exhibit high sharp ratio and fund size does not influence superior fund performance. Shanmugham and Zabiulla (2012) find significant difference exist in alpha generating abilities, tracking error and premium/discount in bullish and bearish market. The magnitude of difference between price and NAV disappears in three days due to presence of arbitrage. Narend and Thenmozhi (2013) find reveal insignificant tracking error and significant pricing deviation with a magnitude of 0.30 cents to 10 cents for US listed gold ETFs and 1 paisa for India gold ETFs. Also, the findings show US gold ETF influence the price discovery of spot gold prices but the same is not true for Indian gold ETFs.
The above mentioned literature clearly provides numerous academic studies on performance, trading characteristics and pricing efficiency of ETFs in developed and developing economies of south-east Asia (i.e., Taiwan, Hong Kong, China etc.) but there is void of financial literature on price discovery of equity ETFs in an emerging economy like India. In Indian context, limited studies have been conducted on ETFs by Prasanna (2012) , Shanmugham and Zabiulla (2012) and Narend and Thenmozhi (2013) and these studies are restricted to measuring the performance, tracking error and pricing efficiencies for limited sample of ETFs and small periods of time. To the best of our knowledge, this paper is the first of its kind to study the price discovery process of equity ETFs in Indian context and has important implications for individual investors, academicians and portfolio managers.
The remainder of the paper is divided into five main areas. Section 2 presents the literature review. Section 3 provides a description of the data employed and research methodology. Section 4 discusses the results and the paper concludes with Section 5.
Data and methodology
The purpose of this study is to understand the dynamics of equity ETFs and index prices and to analyse the interlinkages between the prices and returns of ETFs and index. As on 31st May 2015, the Indian equity market has 43 ETFs, out of which 26 are equity ETFs, 14 gold ETFs, 2 international ETFs and 1 debt ETF. Out of 26 equity ETFs, only 13 of them follow BSE Sensex and CNX Nifty. For the present study, only those ETFs are chosen that have trading history of more than one year. A brief profile of the selected ETFs is provided in Table 1 . The period of study ranges from the respective inception date of each ETF till 31st December 2014. The daily closing prices of ETFs, CNX Nifty and BSE Sensex have been extracted from the official website of National Stock Exchange (NSE) and Bombay Stock Exchange (BSE). Returns have been calculated as given in equation (1) below:
where P t is today's price of ETF/index and P t-1 is the previous day's price of ETF/index and RETETF and RETIND are respective log-returns of selected ETF and index. 
Unit root test
The regression results will yield an efficient and time invariant estimates only when the variables are stationary over time (Mallikarjunappa and Afsal, 2010) . ETFs and index will be cointegrated only if there exists a linear combination which is stationary over time. In order to check the cointegration between ETFs and index, we need to first ascertain whether the variables are integrated of the same order or not (i.e., whether the price series have a unit root or not). For testing the stationarity of the price series, three test, namely, augmented Dickey-Fuller (ADF) test, Phillip-Perron (PP) test and Kwiatkowski-Phillips-Schmidt-Shin test have been used.
Granger causality test
In order to understand the cause and effect relationship between two (or more) variables, Granger (1969) proposed Granger causality test. The test is based on the premise that effect cannot precede cause. The bivariate regression model for testing the causality between ETF price series and index price series is:
wherein ETF t is ETF price is return series and IND t is the index price return series. α i , β j , γ i , δ j , are the regression coefficients and μ 1t , μ 2t are the error terms that are assumed to be uncorrelated. The significance of the coefficients is evaluated with F-statistic and if all the coefficients of INDt in equation (3) are significant, i.e., the null hypothesis RETETF does not cause RETIND is rejected. This implies that there exists causality from ETF returns to index returns. If we are able to reject both the null hypothesis, then it is a case of feedback or bidirectional causality.
Johansen cointegration and vector error correction model
A cointegration relationship may also be seen as a long-term or equilibrium phenomenon, since it is possible that co-integrating variables may deviate from their relationship in the short run, but their association would return in the long run [Brook, (2008), p.335] . It is believed that two variables will have a long-run equilibrium only if they are co-integrated [Gujarati, (2005) , p.824]. But in short run, the equilibrium might be disrupted and the error term in the regression equation can be treated as 'equilibrium error' that helps to bring the variables to their long-run equilibrium. The term was first developed by Sargan (1984) and later popularised as Granger representation theorem. The theorem states that in case two non-stationary variables are co-integrated then the relationship can be expressed as error correction model [Gujarati, (2005) , p.827] The present paper employs Johansen and Juselius (1990) cointegration model. The model suggests two statistics to ascertain the co-integration rank. The first being the trace statistics, wherein the null hypothesis is r ≤ r0 against the alternative hypothesis r ≥ r0 + 1. The second test statistic is the maximum eigen value with alternative hypothesis is r = r0 + 1. The two test statistics are defined as:
where T is the number of usable observations and λ i is the estimated value of the characteristic root (eigen value) derived from the П matrix. To test the causality, the vector error correction model (VECM) equation used is:
where α e,0 and α i,0 are intercept; α e,i , α i,j , b e,i , b i,j are the short-run coefficients and Z t-1 is the error correction term. For ascertaining the appropriate lag length, final prediction error (FPE), Akaike information criterion, Schwartz information criterion (SIC) and Hannan-Quinn information criterion (HC) has been used. Further, to see the impact of index prices on the ETF prices, one day lag value of CNX Nifty and BSE Sensex has been introduced as exogenous variable and its effect on ETF prices is examined. The impulse response function for ETFs and index is examined by giving shocks to the innovation. The variance decomposition of ETFs is analysed for both ETFs and index.
Empirical results

Descriptive statistics results
The descriptive statistics are presented in Table 2 . The average return was 0.000464 for the selected nine ETFs, with maximum return observed for Quantam Index fund (0.065094) and minimum return for MOST shares M50 (-0.16255). The minimum volatility in return is observed in Kotak Nifty ETF (0.004635) and maximum volatility for ICICI Spice Sensex ETF (0.011688) with average risk of 0.008085 for selected ETFs. With respect to the symmetry in return distribution, more than 50% of ETFs exhibit negative skewness with average of -0.34488. The maximum negative skewness is seen in MOST shares M50 (-8.72685 ) and maximum positive skewness for ICICI Spice Sensex ETF (5.348262). All return distributions departed from kurtosis of 3 (i.e., for a normal distribution) except Kotak Nifty ETF with kurtosis of 2.9265. The return distributions are leptokurtic with average kurtosis of 9.9593.
Stationarity results
In order to test the stationarity of price series, the ADF test and Phillip Perron test have been used with null hypothesis -the price series has unit root. Table 3 presents the unit root results and shows that the price series of both ETFs and index are non-stationary at levels. But exhibit stationarity at first level differencing and are integrated of order I (1). Table 2 Descriptive statistics for ETFs returns The results of Johansen's cointegration are presented in Table 5 , wherein the trace statistics and max-eigen values are found to be statistically significant at 1% level.
Maximum eigen values and trace statistics indicate that the null hypothesis of no cointegration when r = 0 is rejected at 1% level and is not rejected when r = 1 for all the nine ETFs except Most Share M50. In case of Most Share M50, the ETF is based on Most Share M50 basket, i.e., essentially Nifty remixed and consists of all stocks of Nifty but not in same proportion as Nifty. Due to different weighing scheme adopted in asset allocation, the fund fails to reflect cointegration with Nifty. Johansen's results indicate that there exists at most one co-integrating relationship between ETF and index price for the eight ETFs selected. Narend and Thenmozhi (2013) and Wang et al. (2009) , wherein unidirectional causality was observed between ETF and underlying index. Further, the VECM has been employed to examine the price-discovery process. For ascertaining the appropriate lag length, FPE, Akaike information criterion, SIC and HC has been used. The lag length criteria shows that seven lags for Nifty BeES and Birla Sun Life ETF, six lags for Kotak Nifty and IIFL Nifty ETF, two lags for ICICI Spice ETF, nine lags for Religare Invesco Nifty ETF and ten lags for Kotak Sensex ETF and Quantam index fund using HC. The VECM Results are presented in Table 6 . VECM results show that the error correction term is statistically significant and negative for all the eight ETFs. The negative coefficient of ETFs reveals that only ETF responds to correct the shock in order to reach the long-run equilibrium and not vice-versa. The results are in consonance with Narend and Thenmozhi (2013) where the MCX spot prices of gold played a leading role in price discovery of gold ETFs in Indian context. Further, the lagged coefficients of eight ETFs were found negative and statistically significant and for index the lagged coefficients were insignificant. This confirms the existence of leadlag relationship between ETF and index, wherein the underlying benchmark plays a highly significant role in the price discovery mechanism and role of ETF is restricted to a passive investment tool. The quality of price discovery depends on the structure of marketplace, market size and liquidity (Garbade and Silber, 1983) . In Indian context, the equity ETFs passive role in price discovery can be attributed to their limited popularity in Indian market and lack of active investor participation resulting in low trading volume and illiquidity. In order to gain a comprehensive insight on the interaction process between ETF and index, the impulse response function and variance decomposition tools were used. The impulse response function plots show the response of a variable to a one standard deviation shock to a particular variable. In our study, we gave one standard deviation shock to index returns and examined its effect on ETF returns. The impulse response function results reveal that for Birla Sunlife ETF and ICICI ETF returns the shock died after two days. For IIFL Nifty, Kotak Sensex, Nifty BeES and Quantam index funds the shock died in three days. It took four days for the shock to decay in case of Kotak nifty ETF and Religare Invesco nifty ETF. It was also observed that index returns are autoregressive in nature and ETF returns responds negatively to its own shocks. The results of impulse response function are not presented but are available on request. The variance decomposition analysis measures the percentage of forecast error in one variable as measured or explained by another variable. The results forecast the errors up to ten periods. The variance decomposition results reveal that for IIFL Nifty ETF, Quantam index fund and Kotak Nifty ETF around 50% of the variation in ETF returns is explained by index returns. For ICICI Sensex Spice ETF and Nifty BeES, more than 80% of the variation in ETF return is explained by index return and less than 20% of variation by ETF itself. The reason for such high degree of index influence can be partly due to a decade of trading history. For Kotak Sensex ETF, 70% of variation in return is explained by index. This kind of behaviour is not surprising as ETFs are designed to track the designated benchmark (DeFusco et al., 2011) and the results are consistent with causality and cointegration results. It is only for Birla Sunlife Nifty ETF and Religare Invesco ETF that around 90% of the variation in return is explained by ETF. This can be due to limited trading history and volume traded in the market. The ETF responds negatively to its own shock and index returns are autoregressive in nature.
Conclusions
The present study attempts to examine the price discovery and causality between equity ETFs and designated index price series in India. For the same, nine equity ETFs are examined that are benchmarked against CNX Nifty and S&P BSE Sensex from the inception date of selected ETFs till December 2014. The results of Johansen's cointegration show that ETF prices and index prices share common long-run information and prices of ETF do not wander far away from index prices. The VECM results reveal that ETFs do not play a significant role in price discovery process and can be attributed to limited trading volume, number of participants and market liquidity in Indian ETF market. The underlying benchmark lead the price discovery process and error correction term is negative and significant, i.e., in case of disequilibrium the ETFs respond to the shock and restore the prices to the long-term equilibrium. For eight ETFs unidirectional causality is observed i.e., it is the ETF that is getting influenced by designated index and not vice-versa. The results are consistent with DeFusco et al. (2007) wherein cointegration was found between S&P 500 and Spiders, DJIA and Diamonds, NASDAQ100 and Cubes and it was revealed that index lead the ETFs and are efficiently tracking their designated benchmarks. The study also uses impulse response function to observe the effect of one standard deviation of one asset over the other variable. The results depicts for selected ETFs, the one standard deviation shock on an average decays after three days. Also, the results of variance decomposition confirm the unidirectional causal relationship between ETF and index returns except for two ETFs. The study may be further extended by examining larger sample size of ETFs and high frequency data to analyse the price discovery process.
